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1. Grant Information

This grant, NAG 5 - 3082, LSU Prop # 6757, was awarded as a result of a proposal

submitted in the summer of 1995 by Ganesar Chanmugam as PI and $uhan Frank as Co-PI in

response to NRA 95-OSS-02 for the Astrophysics Theory program. The project was funded at

a level of $58,000 per annum, starting on October 1, 1995. The PI Chanmngam passed away in

March 1996, and the Co-PI Frank was appointed PI in April of the same year. This grant was

originally awarded for three years and extended once at no-cost, expiring finally on September

30 1999. The grant provided partial summer salary for the PI and support for three graduate

students at various times: Erik J. Young (Oct. 1995 - Aug. 1998), Patrick McCormick (Feb. 1997

- Jun. 1998), and Patrick Motl (Jul. 1998 - Jan. 1999).

2. Introduction

The original objectives of the proposal included the study of radiative processes in magnetic

cataclysmic variables (CVs) and the evolution of neutron star magnetic fields. Significant progress

under the support provided by this grant has occurred in the following areas:

• Irradiation-driven mass transfer cycles in cataclysmic variables and low-mass X-ray binaries.
"r

• Propeller effect and magnetic field decay in isolated old neutron stars.

• Erik Young's dissertation research.

" • Numerical (Finite Difference tIydrodynamics [FDH]) simulations of mass transfer in binary

stars.

Further details are provided below. The review and introductory material included below is

given without explicit references. The bibliography only includes references to the work done by

our research group.

3. Mass Transfer Cycles

Cataclysmic variables (CVs) are semi-detached binary stars with orbital periods of a few

hours (_ .5 days) containing an accreting white dwarf and a companion or mass donor star which



the stability of irradiated main sequencecompanionswasgivenin King, Frank,Kolb & PAtter
(1996),and extendedto evolvedcompanionsin King, Frank,Kolb & PAtter(1997a).Someof the
astrophysicalconsequencesof the irradiation instability for LMXBs andXRTs wereexploredin
King, Frank,Kolb L: PAtter (1997b) and in Kolb, King, PAtter & Frank (1997).

The stability criterion for irradiation-driven cycles developed in King, Frank, Kolb & PAtter

1997a, indicates that LMXBs with hydrogen-rich companions and similar systems containing

black holes should be stable, whereas those with sub-giant companions should be violently

unstable. Because the instability in the latter case would result in the transfer of almost all the

envelope, such systems should not be observed. The reason we do in fact observe systems with

such companions is that they are transient, their duty cycle is relatively small and therefore the

irradiation instability is quenched (King, Frank, Kolb & PAtter 1997a, 1997b). These systems

are transient probably because the accretion rate is low enough to make their accretion disks

vulnerable to the disk instability.

The orbital evolution of cataclysmic variables in which the companion is illuminated by a

fi'action of the accretion luminosity therefore consists of irradiation-driven limit cycles on thermal

timescales, superimposed on a secular evolution toward shorter periods due to systemic angular

momentum losses. The PI and graduate student Patrick McCormick (who was initially supported

by another grant) have conducted extensive numerical simulations of the evolution of CVs and

LMXBs under the effects of illumination and consequential angular momentum losses (CAML)

with the help of a code developed by McCormick. The first results obtained with McCormick's

bi-polytropic code including irradiation and CAML were presented at the XIIIth North American

Workshop on CVs in Jackson Hole in the summer of 1997 (McCormick 1998; McCormick & Frank

1998a). A detailed account of these simulations is now published in The Astrophysical Journal

(McCormick & Frank 1998b).

Further work on irradiation-enhanced cycles in the mass transfer of catalysmic variables is

still in progress, funded by other grants, but some preliminary results were obtained with support

from NAG5-3082 and were reported at the Austin AAS meeting in January 1999 (McCormick &

'Frank 1999).

4. Isolated Neutron Stars

In a recent paper (Livio, Xu & Frank 1998) we examined the discrepancy between the

theoretically expected number of detectable isolated old neutron stars (IONs) (102-103), and the

actually detected number of candidates (2-3). We argued that this discrepancy is explicable in

terms of the suppression of accretion from the interstellar medium onto the old neutron stars. We

showed that for such a suppression to occur, a specific pattern for the magnetic field evolution

in neutron stars is required. High magnetic fields (B _ 10a2G) are required to decay rapidly,

while fields of the order of 10a°G are required to remain constant in the absence of accretion. The
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surfacemagneticfield of a youngneutronstar wasdetailed,and this wasusedto concludethat
with existingdata it wasunclearwhetherpulsarswereborn with strongsurfacefieldsor whether
thesefieldsweregeneratedafter birth (Chanmugam,RajasekharandYoung1995).

Laterhe includedthe effectsof Hall drift into the fieldevolutionof magnetizedneutronstars.
The resultsdemonstratethat the dominantdipolemagneticfield maybesignificantlyalteredlate
in the star'slife throughinteractionwith higherorderpolesof lowerstrengthif both poloidaland
toroidal componentsarepresent.Thesechangesmayalter the expectedcharacteristicsof the
graveyardpopulationof pulsars.Additionally,hehasincorporatedthe generalrelativistic effects
of spacecurvatureand gravitationalredshiftin the stronggravitationalfield of a neutronstarinto
calculationsof Ohmicfield decay.The resultsshowa decreasein the rate of magneticfield decay
that wewouldmeasure.Themagnitudeof this decreaseis dependenton both the neutronstar
modelusedandthe depthto whichthefield penetratesthe star.

Finally, theseadvancesin the theoryof neutronstar magneticfield evolutionwerecoupled
with the accretionsimulationsfirst exploredin Young& Chanmugam(1995). This provided
a morecompletepicture of the possibleavenuesavailableto a magneticneutronstar that is
undergoingaccretion,and its subsequentmagneticevolutionafter masstransferhalts. These
resultsweredetailedin Young'sPhD dissertation,whichwascompletedin the Springof 1998.
This thesiswonanawardasthe "Best 1998Dissertationin BasicSciencesat LSU".

6. FDH Simulations of Mass Transfer in Binaries

Patrick Motl is a graduatestudentwho wassupportedfor the first 4 yearson a LSU
Chancellor'sFellowshipand who hasreceivedsupportfrom this grant in order to conduct
_imulationsof the onsetand stability of masstransferin binarystars. He begandevelopingin
1996a large-scale3D finite-differencehydrodynamics(FDH) codecoupledto a Poissonsolver
designedto tacklea varietyof astrophysicalfluid dynamicsproblemsincludingboth external
_nd self-gravityin cylindricalgeometry.This codewasthenadaptedto the studyof the onset
and stability of masstransferin polytropicbinarieswith the aimof applyingthe resultsto the
interpretationof certainobservationsof cataclysmicvariablesandbinariesof the Algol type.

After an initial developmentstagewerealizedthat the scopeof the researchand
numericaldevelopmentneededto tackleour goalsrequiredmoresupport than the current
grant couldprovide. This led usto submit in 1998a newATP proposalspecificallydesigned
to addressthe more long term goalsof this research.This proposalwasfundedin May
1999(NAG5-8497)and is being currently pursuedvigorously.Preliminary resultsof the
numericalsimulationswerepresentedin January1999at the 193thMeetingof the American
AstronomicalSocietyin Austin, TX, and selectexamplesare availableon the web at
http://www.phys.lsu.edu/astro/movie_captions/motl.binary.html.Threepapersarecurrentlyin
preparationwhichwill acknowledgepartial supportfrom NAG53082andNAG5-8497:The first



* McCormick,P. and Frank, J. 1999,BAAS, 31, 1399:Irradiation and EnhancedMagnetic
Braking in CataclysmicVariables,193thMeetingof the AAS,Austin, TX.

* Motl, P.M., Frank,J. andTohline,J.E., BAAS,31,1402:NumericalSimulationsof Dynamical
MassTransferin Binaries,193thMeetingof the AAS,Austin,TX.

Young,E.J. & Chanmugam,G. 1995,ApJ, 442,L53: PostaccretionMagneticField Evolutionof
NeutronStars.

ThispreprintwaspreparedwiththeAASIgPF/Xmacrosv4.0.
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